A new lactarane sesquiterpene, 1,2-dehydrolactarolide A (1), together with lactarorufin A (2), 3-O-ethyllactarolide A (3) and 3-O-ethyllactarolide B (4), was isolated from a mushroom of the Russulaceae family, Lactarius vellereus. Additionally, two lactarane sesquiterpenes, lactarorufin A (2) and lactarolide A (5) were isolated from L. subpiperatus. 1,2-Dehydrolactarolide A (1) showed promotional activity (152% at 3:6 Â 10 1 M) toward radicle elongation in lettuce seedlings.
We conducted screening tests on the extracts from various species of mushrooms to identify the plant growth regulatory activities in some species of the Russulaceae family. We have previously reported the isolation of repraesentins A-F from fruiting bodies of the Russulaceae mushroom, Lactarius repraesentaneus Britz. (''murasaki-irogawarihatsu'' in Japanese), and their promotional activities toward radicle elongation in lettuce seedlings. 1, 2) In the present study, we isolated a new bioactive sesquiterpene (1) from the extract of the fruiting bodies of L. vellereus Fr. (''keshirohatsu'' in Japanese) by bioassay-guided purification, as well as four additional related sesquiterpenes (2-5) from the fruiting bodies of L. vellereus and L. subpiperatus Hongo (''tsuchikaburimodoki'' in Japanese) by 1 H-NMR spectra-guided purification. 3, 4) We describe in the present report the structural elucidation and plant growth regulatory activities of the compounds (1-4) isolated from L. vellereus and those (2 and 5) from L. subpiperatus.
Compound 1 was a tricyclic sesquiterpene with three unsaturated bonds. HREIMS data showed that the molecular formula of presence of a downfield-shifted methine group was indicated by the 1 H-and 13 C-NMR spectral data ( H 6.10; C 96.6). HMBC from the carboxyl carbon ( C 171.7) and one of the olefin carbons ( C 125.2) to the proton of the methine group suggested the presence of an ,-unsaturated -lactone (Fig. 1a) , this being confirmed by an absorption band at 1748 cm À1 recorded in the IR spectrum.
Compound 1 consisted of a trimethylbicyclodecadiene in addition to the lactone. H-H COSY showed the partial structure indicated by bold lines in Fig. 1a . HMBC from C-15 to H-14 and from C-14 to H-15 showed that the two methyl groups were geminal to each other; those from C-1 and C-10 to H-14 and H-15 showed that the olefin carbon (C-1) and the methylene group (C-10) were geminal to the methyl groups; and those from C-2 to H-10 and from C-9 to H-1 revealed the presence of dimethylcyclopentene. HMBC from C-3 to H-1 showed that C-2 and C-3 were conjunct with each other; those from C-2 to H-4 and H-12 showed that the methylene group (C-4) and the methyl group (C-12) were next to C-3; and those from the olefin carbons of y To whom correspondence should be addressed. Fax: +81-265-77-1629; E-mail: kamo274@shinshu-u.ac.jp the lactone to H-4 and H-8 revealed the presence of methylcycloheptene.
Compound 1 was characterized as the new sesquiterpene, 1,2-dehydrolactaloride A. The possibility of an alternative structure for 1, in which the hydroxylmethine group and the carbonyl group were respectively assigned to C-5 and C-13, was excluded by HMBC from the carbonyl carbon to H-4. The relative configuration of 1 was determined by NOESY (Fig. 1b) , although the absolute configuration was not established.
Compounds 2-5 were identified as lactarorufin A, 3-O-ethyllactarolide A, 3-O-ethyllactarolide B and lactarolide A by a comparison of their spectral data with previously reported data. 3, 4) Compound 1 exhibited promotional activities of 119%, 152% and 162% at 3.6 mM, 3:6 Â 10 1 mM and 3:6 Â 10 2 mM, respectively, against radicle elongation in lettuce seedlings, while 2-5 showed no effect up to 3:6 Â 10 2 mM. In previous studies, we have tested the activities of repraesentins A-F. Among them, repraesentin C, which possesses a carboxyl group at C-15, showed the strongest activities of 188% at 1:2 Â 10 1 mM and 216% at 1:2 Â 10 2 mM. 1) Repraesentin E, which possesses a carboxyl group at C-14, also showed strong activity of 164% at 2.6 mM, while repraesentin D, the reduced form of repraesentin E, showed approximately 100 times weaker activity than that of repraesentin E. 2) These results suggest that oxidation at C-14 or C-15 was essential for these sesquiterpenes to exhibit their strong promotional activity. In the present study, 2-5 showed no activity, which follows the correlation between the structure and activity that had been observed for repraesentins A-F, while 1 showed moderate activity. A structural difference between 1 and 5 is the presence of the 1,2-unsaturated bond in 1 and its absence in 5, suggesting its contribution to the promotional activity against radicle elongation.
Experimental
General. Column chromatography was carried out on silica gel (Wakogel C-300). Preparative HPLC was conducted with an ODS column (YMC RS-323, 250 Â 10 mm I.D.), eluting with MeOH-water (7:3).
Lettuce seedling assay. Lettuce seeds (Lactuca sativa L. cv. Great Lakes 366; Kaneko Seeds Co.) were allowed to germinate on wet filter paper in the dark at 20 C for 20 h, and the resulting germinated seeds were used for the assay. Five seedlings were placed on filter paper containing each test compound in a Petri dish. The seedlings were grown in the dark at 20 C for 72 h, and the elongation of the radicle was then measured. The procedure is described in detail in our previous work.
2)
Isolation of 1. Fresh fruiting bodies of L. vellereus (1.9 kg) were collected in Nagano in 1998 and extracted with EtOH at room temperature. The extract was evaporated in vacuo, and the resulting concentrate was partitioned between n-hexane, CHCl 3 , EtOAc and water. The EtOAc layer was concentrated in vacuo and subjected to silica gel (50 g) column chromatography, using a mixture of n-hexane-EtOAc (1:1) and EtOAc (each 300 ml) as the eluents. The EtOAc eluate was then subjected to silica gel (50 g) column chromatography, using mixtures of n-hexane and EtOAc (5:5, 6:4, 7:3, 8:2, 9:1 and 10:0; each 200 ml) as the eluents. The nhexane-EtOAc (6:4) eluate was then subjected to silica gel (20 g) column chromatography, using mixtures of n-hexane and acetone (8:2, 7:3, 6:4, 5:5 and 4:6; each 20 ml Â 5) as the eluents, giving fraction nos. 1 to 25. Fraction 8 was then subjected to silica gel (10 g) column chromatography, using mixtures of n-hexane and acetone (4:1; 10 ml Â 30) as the eluents, giving fraction nos. 8-1 to 8-30. Fractions 8-23 to 8-26 were combined and purified by HPLC at a flow rate of 1.5 ml/min with detection at UV 230 nm, giving 1 (t R 11.2 min, 2.7 mg). Isolation of 2-4. The CHCl 3 layer from L. vellereus was concentrated in vacuo and subjected to silica gel (50 g) column chromatography, using a mixture of n-hexane-EtOAc (1:1) and EtOAc (each 300 ml) as the eluents. The n-hexane-EtOAc (1:1) eluate was then subjected to silica gel (20 g) column chromatography, using a mixture of n-hexane and acetone (4:1; 20 ml Â 20) as the eluents, giving fraction nos. 1 to 20. Fractions 10 and 11 were combined and purified by HPLC at a flow rate of 1.5 ml/min with detection at UV 210 nm, giving 3 (t R 30.5 min, 8.6 mg). The EtOAc eluate was then subjected to silica gel (20 g) column chromatography, using a mixture of CHCl 3 and MeOH (99:1; 20 ml Â 16) as the eluent, giving fraction nos. 1 to 16. Fractions 10 to 13 were combined and purified by HPLC at a flow rate of 2.0 ml/min with detection at UV 210 nm, giving 2 (t R 12.6 min, 7.6 mg) and 4 (t R 19.2 min, 11.8 mg).
Isolation of 2 and 5. Fresh fruiting bodies of L. subpiperatus (0.78 kg) were collected in Nagano in 1997 and extracted with MeOH at room temperature. The extract was evaporated in vacuo, and the resulting concentrate was partitioned between n-hexane, CHCl 3 , EtOAc and water. The CHCl 3 layer was concentrated in vacuo and subjected to silica gel (30 g) column chromatography, using mixtures of n-hexane and EtOAc (9:1, 8:2, 7:3, 5:5, 3:7 and 0:10; each 110 ml) as the eluents. The n-hexane-EtOAc (3:7) eluate was then subjected to silica gel (30 g) column chromatography, using mixtures of n-hexane and EtOAc (6:4, 5:5, 4:6 and 3:7; each 120 ml) as the eluents, giving fraction nos. 1 to 4. Fraction 2 was then subjected to silica gel (8 g) column chromatography, using mixtures of CHCl 3 and acetone (20:0, 19:1, 18:2 and 17:3; each 3 ml Â 7) as the eluents, giving fraction nos. 2-1 to 2-28. Fractions 2-17 to 2-19 were combined and purified by HPLC at a flow rate of 2.5 ml/min with detection at UV 230 nm, giving 5 (t R 14.3 min, 9.2 mg). Fractions 2-21 to 2-25 were combined and purified under the same conditions, giving 2 (t R 10.5 min, 3.3 mg).
